Background: Despite the high prevalence of chronic hepatitis B (CHB) in Asian Americans and other ethnic groups, a majority of these populations remains unscreened and unprotected. A large percentage of those who are chronically infected with hepatitis B virus (HBV) are not linked to care owing to a poor health care access. The purpose of this study was to evaluate the use of mobile text messaging in engaging individuals with hepatitis B or at risk for it, and to assess their acceptance of text messaging interventions.
Background
Chronic hepatitis B (CHB) is a major cause of chronic liver diseases, affecting 350 million people around the world. 1, 2 In the United States alone, 3Á10% of Asian Americans have Hepatitis B virus (HBV) infections. Studies have shown that fewer than 25% of Asian Americans infected with HBV have been diagnosed, suggesting that a large population may serve as a reservoir for transmission. Furthermore, fewer than 10 percent of the patients who may need treatment are currently receiving antiviral medication.
crucial, lack of health literacy associated with poor patient-physician communication are also formidable barriers affecting LTC in these minority populations. 6, 7, 8, 9 Improvements in patient education, counseling, and navigation may create an effective strategy to improve linkage from diagnosis to HBVdirected care.
Any effective patient-oriented communication tool that can provide linguistically and culturally accessible information necessary for health maintenance has potential to foster patients' engagement in their care. mHealth tools as simple as smartphones may be good examples and have been utilized to increase access to healthcare. Smartphones can not only facilitate communication between patients and their physicians, but can also create new ways to provide patients with disease education, and connect them to a variety of resources in their communities. 10, 11, 12 Smartphones and other mHealth tools also offer a unique advantage in that they can provide easy, anonymous, and comparatively inexpensive access to people irrespective of their cultures, languages, incomes, or geographical locations.
Certain ethnic minority groups are more likely to own mobile phones and to use them to access specific health information that would not otherwise be readily available to them, thereby tending to reduce health disparities. A recent Pew Internet Research Center survey, for instance, showed that Englishspeaking Asian Americans had a higher level of ownership of smartphones than any other ethnic group in the U.S. 13, 14, 15 A striking 98% of Asian Americans own some type of cell phone, compared with 90% of whites, 92% of blacks and 93% of Hispanics.
Seventy-five percent of the 4.5 billion cellular phone users worldwide currently use text messaging, and 97% of Americans use it at least once per day. 16 Thus, for Asian Americans and other minority ethnic groups, text messaging can provide patients with information on health care in their own languages, and can promote health literacy and preventive medicine, thereby combating the health disparities related to CHB care. Health-related text messaging via mobile phones started with routine appointment reminders. 17, 18 Text messaging has subsequently been tested as a tool to engage patients with a variety of medical conditions. Motivational text messages to young children with type 1 diabetes mellitus have demonstrated positive effects on diabetes control and adherence. 19 Tailored text messaging has also been shown to have a positive impact on behavior changes in diabetic adults. 20 Text messaging has also been shown to improve treatment adherence and health outcomes in HIV patients. 21, 22, 23 Other examples include Text4Health-Adolescents, a randomized text messaging intervention, which facilitated improved immunization rates in a low-income, urban population. 24 Similarly, the Text4Baby campaign helped expectant mothers to receive prenatal information and other important resources. 25 In addition, text messaging has been successfully implemented in smoking cessation, 26 weight control, 27 and treatment of tuberculosis. 28 In this study, we investigated the use of text messaging in facilitating the connection between subjects and physicians. We also examined subjects' responses to the potential benefits of text messaging in health maintenance. The results suggest that in an ethnic minority population text messaging can effectively link patients to hepatitis care. At the end of the three months, the PN called and/or texted each participant to determine the presence or absence of linkage.
Methods

Participants
Patient Navigators
The PN program provided all participants with specific information they needed to be adequately linked to a physician or a health care facility. The study employed two PNs. One had a Masters in public health and the other had a BS in nursing. Both PNs were employees of a non-profit community service organization. PNs were bilingual members of the subjects' community who were familiar with clinicians and other health care resources within that community. PNs also had experience in advising CHB patients and were supervised by a group of gastroenterologists.
For further evaluation of CHB in this study, all 16 HBV infected individuals were given a list of community physicians with expertise in hepatitis B.
The other group of 16 non-immune subjects was given a list of health care facilities where they could be vaccinated. All communications between subjects and PNs relied on text messaging except when communication took place through telephone calls. The PNs kept detailed records of all communications with the subjects.
Data Collection and Measurement
All the data were anonymized before they were reviewed and analyzed retrospectively.
Text Messaging
The number of messages between each participant and his or her PN ranged between 1 and greater than 20. All of the text messages sent by the PNs and those they received from the participants were recorded over the three-month study period. Figure 1 shows the details on the frequency of these messages. Each of the 32 participants received at least one message sent by the assigned PN at the beginning of the three-month period. The HBV-infected subjects received a message reminding them to visit a physician for additional tests, and the non-immune participants received reminder messages advising them to get vaccinated. The number of the messages sent by the participants to the PN, however, varied widely, ranging from 0 (among those relying solely on telephone) to more than 10 messages per respondent. Of note, the number of the messages in CHB group was significantly greater than the number of messages in non-immune group. Forty and 126 messages were sent and 26 and 107 test messages were received by the PN in non-immune and CHB groups, respectively.
Thus, the average number of messages per texting respondent in the CHB group was 6.7 as compared to 1.6 in the non-immune group.
Contents of the messages
We categorized the contents of the messages into the following four broad classes: finding doctors and reminders; health education; compliance/adherence; and other. As shown in figure 2 , the greatest proportion of the messages was related to finding doctors and reminders. The majority of these messages belonged to the subjects in CHB group. The second most frequent theme was health education. Participants often asked about the benefits and potential side effects of vaccination, long-term complications of CHB, and use of antiviral medications.
Outcome Evaluation
At the end of the three-month study period, 30 participants altogether were linked to a physician or a health care facility for evaluation and vaccination, respectively. This represents a 94% linkage rate.
All of the participants from the non-immune group received at least one vaccination. In the HBV infected group of 16, a total of 14 went to see specialists within the community for further evaluation, demonstrating a linkage rate of 88%. Four of these 14 HBV infected individuals were started on antiviral medication during the three-month intervention period.
Acceptance of Text Messaging
Of 23 individuals who responded with texting, twenty subjects participated in the survey. There were 11 men and 9 women with an average age of 49. As shown in In the survey addressing specific needs and uses text messaging can serve, a majority of the respondents reported that text messaging provided easy access and saved time, and was useful for finding doctors and for appointment reminders (Table 3) . Many also felt texting provided the additional advantage of storing the communication record for future reference. No subject indicated any disagreement with the statement that text messaging is useful.
Discussion
To our knowledge, this is the first study to demonstrate that text messaging can be successfully utilized to enhance patient engagement in hepatitis B care. Text messaging combined with the coordinating role of the PN program not only facilitated communication between the subjects and health care personnel, but it also helped to link the subjects to physicians.
Text messaging-a tool for interactive communication with subjects Twenty-three of 32 participants actively communicated with PNs through text messaging during the three-month period. Since the remaining nine other participants, who did not reply with texting, responded with phone calls, mobile communication took place with all of the 32 subjects enrolled in the study. Thirty of 32 participants were linked to medical care, demonstrating a 94% linkage rate within a relatively short period: the three-month intervention. Especially in an era when irrational resistance to vaccination has become a serious public health problem, it is also remarkable to see that all 16 individuals in the non-immune group received hepatitis B vaccine, resulting in 100% linkage to care. In the CHB group, 14 out of 16 subjects were linked to physicians, representing a linkage rate of 88%.
The observed impressive rate of response and the high rate of LTC may be attributable to interactive communications between the subjects and the PN. During the first encounter between each subject and the PN, when the intervention began, the PN assessed each individual's needs and characteristics. The text messages and the contents of the phone calls were subsequently tailored to fit each subject's needs. A major benefit of mobile technology is its capacity for interactivity, which enables adapting messages according to a subject's education, socioeconomic background, needs, and other characteristics. It can facilitate interpersonal interactions between patients and health professionals. The use of individually tailored information has been shown to be effective in promoting beneficial health behavior changes in adults in other contexts as well. 29, 30, 31 Although text messaging has been the most popular tool for facilitating behavioral interventions towards effective chronic disease self-care support, only a small percentage of American adults living with chronic diseases receives the benefits of text messaging for their health care support. 32, 33, 34 With advances in mobile health services and the widespread use of mobile phones in the Asian American population and in other ethnic minority populations, text messaging may be a powerful, costeffective way to facilitate communication between the patients and health care personnel, thereby improving health literacy and care disparity in ethnic minority populations.
Role of the Patient Navigator in Linkage
The success of linkage in this study would not have been possible without the PN program. The PN offered a culturally and linguistically tailored navigator program in coordinating access to clinical care by providing the subjects with the available healthcare resources in the community. The PN initially assessed each subject to determine his or her background and needs, and subsequently communicated with the subjects to direct them to meet 37 The high linkage rate of 88% from the CHB group in the current study also supports the critical role of the PN program in facilitating the linkage.
The successful LTC for CHB patients required significantly greater navigational effort than the LTC for the non-immune group. This is reflected in our data, which demonstrated that the number and frequency of messages per texting respondent in the CHB group was 6.7 as compared to only 1.6 in the non-immune group. These results indicate the value of continuous communication between patients and PNs to motivate patients to obtain further care.
Diversity of Message Themes
As shown in the varied contents of the messages, text messaging can convey a wide spectrum of information. Because of its interactive nature, text messaging caters to specific needs of individual patients. In this study, the most frequent theme of the messages was related to finding doctors and appointment reminders. In the CHB group, for instance, a large number of text messages inquired about locating Korean-speaking specialists within their community. Secondly, a substantial number of communications fell under 'education'. The discussions related to potential use of antiviral medications in CHB and the need for vaccination in non-immune group, for instance, belonged to this category.
The survey from the text message users demonstrated a high degree of satisfaction with text messaging for communicating with the PN (Table 2) . A majority of respondents also felt that text messaging allowed easy access, saved time, and helped with finding doctors and remembering appointments (Table 3) . These results are congruent with the results of other studies on chronically ill patients, which have demonstrated high levels of receptivity and satisfaction. 29, 30 Limitations of the study We recognize that there are some limitations in our study. First, the sample size (n=32) is small, and the participants in this study may not be representative of the overall Korean American or other ethnic minority populations in the United States. Future studies investigating a larger number of subjects with a wider spectrum of ages and socio-economic classes would help to determine the need for and the efficacy of text messaging in engaging patients to obtain care. Secondly, further research is needed to determine if and how interactive communications through text messaging may actually serve to bring about changes in the patient's health beliefs, which subsequently drive patients towards proper care. Third, studies with a longer intervention period would be required to assess more accurately the safety, sustainability, and effectiveness of text messaging intervention in promoting LTC. Fourth, the current study did not employ a control group receiving usual care without PN-facilitated text messaging, thus limiting a direct comparison between the PN-facilitated text messaging and control group. Nevertheless, the high rate of LTC noted in the current study with PN-facilitated text messaging intervention significantly contrasts with the lack of LTC documented in other previous studies without the use of text messaging. 7, 8, 9, 35, 36 Fifth, although none of the subjects lost his phone or complained about privacy, reliance on electronic communications entails inherent risks to privacy and security. Where HIPAA or analogous state statutes are applicable, and perhaps even where they are not, measures must be taken to protect privacy and security of text messages, which are often not encrypted and which may be stored by the telecommunication vendor or wireless carrier. Finally, given the critical role played by the PNs in the care of the study subjects, it is not possible to distinguish between the benefits arising from the utilization of text messaging and those attributable to the advice, skill, and culturally competent overall care of the PNs.
Conclusion
Mobile phone text message intervention in hepatitis B care may facilitate communication between patients and medical personnel, thereby helping patients to engage and access appropriate health care services within the community.
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